Abstract: Water management can improve the quality of valuable ecosystem services but can be costly to implement and the management costs are covered by national taxes collected by water users. Based on 30 valuation studies of water quality improvement from the Environmental Valuation Information System (EVIS) database provided by Korea Environment Institute (KEI), a meta-regression analysis was employed to measure the benefits that major river basins provided to the society. We compare these benefits to the costs, namely River Management Funds (RMFs) which are financial resources to support a variety of projects for managing and improving upstream water quality. Based on benefit-cost comparison, this study evaluates the efficiency of water resource management in South Korea. This study also provides policy options that are helpful to maintain the sustainability of water resource by improving the planning and performance of water management in the long run.
Introduction
Water management can improve the quality of valuable ecosystem services. The implementation of the water management can, for instance, result in stabilization of water quality. In other words, the water management can have a significant impact on water environment and this can lead to changing the amount and quality of the services that the aquatic ecosystem provides [1] . Therefore, water management can provide tangible/intangible benefits as a consequence of the increased water quality to the society.
On the other hand, the implementation of water management can be costly and the associated costs are covered by national taxes collected by water users.
The ex-post evaluation of the government policy has recently received attention since it is helpful to identify whether the government is making a sound investment in terms of their expenditure, which can be in turn useful to determine the accomplishment of its goal.
A wide range of approaches can be applied for the policy evaluation but the benefit-cost analysis has been widely adopted to measure the magnitude of the policy impact measured in economic aspects. The importance of benefit-cost comparison for the water management has been also emphasized by the Water Framework Directive in the European Union. Accordingly, it is worthwhile to conduct the ex-post evaluation of the government policy to determine the effectiveness of the policy, which can provide a valuable guideline to maintain the sustainability of water resources by improving the planning and performance of water management in the long run.
In South Korea, there are four major river basins, e.g., belonging to the Han River, the Geum River, the Nakdong River, and the Yeongsan-Seomjin River. These four major rivers are an important water resource to provide many tangible and intangible beneficial services to the stakeholders. To be more specific, they are used as a primary source for drinking water, recreational activities, aesthetic amenities, and economic development.
Increasing recognition of the importance of water management in these four river bodies has led the National Assembly which is the Korea's central legislature to enact the Han River Act in February 1999 in an attempt to ensure more systematic efforts for improving water quality. This law proposed collecting water use charges as an additional way of raising the necessary financial resources to improve water quality in the river. The other three major river systems soon followed the suit and adopted water use charges of their own. The water use charges collected became the seed money for the River Management Funds (RMFs) in August 1999 for the Han River and in 2002 for the other three major rivers.
Water use charges, based upon the Beneficiary Pays Principle (BPP), were introduced to offset the losses in opportunity costs associated with regulation against various economic activities in upstream regions along the river basin. Since the Han-River Act enacted in 1999, midstream and downstream water users have paid water use charges to provide financial resources for resident support projects in upstream communities and to support the project costs required to stabilize the water quantity and quality in the upstream regions of the river basins. However, there have been many controversies and disputes among stakeholders with respect to the efficiency of RMFs management. Nevertheless, few systematic efforts have been made to solve these on-going issues 1 . This motivates us to suggest practical solutions by performing the economic analysis that explores plausible evaluation of the effectiveness of water resource management.
Consequently, this study aims to provide more convincing evidence with respect to the assessment of benefits provided by the major river basins and to compare these benefits to costs, applying a meta-regression analysis which can bring all relevant study results and information together that have been gathered on all stakeholders [2] . Although a meta-regression analysis has been mainly used as a method for transferring the benefit from the existing cases to new cases, this method is also applicable for the assessment of benefits provided by environmental goods and services [3] . The number of case studies using a meta-regression analysis has been conducted in many countries ( [4] [5] [6] [7] [8] [9] [10] among many others) but to the best of our knowledge, this study may be the first attempt to apply meta-analysis to evaluate the economic efficiency of water resource management in South Korea based on benefit-cost analysis.
We specified a meta-regression model which allows for estimating different benefits provided by each river and compared them to its own RMFs (costs). The methods utilized in this study represent an effective approach for an ex post analysis of natural resource policy/regulation/program etc., which would be helpful for those who are interested in conducting a similar study. This paper is organized as follows. The next section describes the methodology that includes description of water management, method, empirical specification of meta-regression analysis, and data. The empirical results are then presented including a section that outlines benefit-cost analysis. This article closes with some policy recommendations.
Water Management in South Korea
The Han River basin encompasses 28 mid-sized regions, 7 metropolitan cities and provinces including 112 cities, counties, and boroughs; the Geum River basin, 22 mid-sized regions, 8 metropolitan cities and provinces including 47 cities, counties, and boroughs; the Nakdong River basin, 33 mid-sized regions, 9 metropolitan cities and provinces including 87 cities, counties, and boroughs; the Yeongsan-Seomjin River basin, 31 mid-sized regions, 5 metropolitan cities and provinces including 42 cities, counties, and boroughs. A map showing the course of the four river basins and stakeholders by geographical locations is presented in Figure 1 .
The RMFs were introduced in an effort to ensure win-win cooperation among upstream, midstream, and downstream communities as well as users of water resources by effectively managing and mitigating their conflicts of interests. The RMFs espouse the BPP that those who benefit from using water, ought to pay for not only their use but also all the expenses involved in providing the services and benefits they need to them. The overarching objective of the RMFs is thus to raise and manage the financial resources necessary to ensure appropriate management of water resources and pollutants through effective water management projects and resident support projects for upstream communities by funding these projects with money collected from mid and downstream users. The RMFs support a variety of projects for managing and improving upstream water quality. There are mainly five types of such projects, i.e., resident support projects, environmental treatment infrastructure projects, water quality improvement projects, land purchase and riparian zone projects, and the total pollutant management projects. Together, the RMFs expended KRW 10.0519 trillion on such projects as of 2015. 47.7% of total expenses went to environmental treatment infrastructure projects; 18.7% to resident support projects; 18.3% to riparian zone projects; 8.3% to water quality improvement projects; 5.4% to total pollutant management projects; and 1.6% to administrative expenses.
Methodology

Benefit Transfer and meta-regression analysis
The economic benefits of water resources or water management policy can be evaluated via original research using non-market valuation methods such as contingent valuation method (CVM), hedonic property methods, choice experiment, etc. [11] [12] [13] . However, conducting the original research is non-trivial because of constraints on time and budgets [3] .
In such cases, benefit transfer which uses existing data or information from previous research has been alternatively applied.
A benefit transfer approach was formally developed in the early 1990's in response to an increased need for the valuation of environmental resources when it is difficult to conduct the original research due to limitations on time, budget, or data availability [3, 9, 14, 15] . In other words, this approach has been widely used in the contexts of environmental and resource management, applying research results from pre-existing studies to predict benefits or other economic information for a new context [16, 17] . In general, two types of benefit transfer-value transfer and function transfer can be applied where the former applies the summary statistics from the previous studies while the latter applies statistical methods to examine relationships between value estimates and characteristics of the study sites. Compared to value transfer, the function transfer is more flexible in terms of its ability to adjust the different attributes between the existing and new studies. Since the Water Framework Directive in the European Union has recognized the importance of benefit-cost comparison for the river basin management, the literature has increasingly utilized function transfer approaches [2, [4] [5] [6] [7] [19] [20] [21] [22] [23] .
Meta-regression analysis (MRA), one of the function transfer approaches, attempts to estimate the impact of quantifiable factors on outcome variables via regression analysis. In other words, the dependent variable in MRA is represented by a summary statistic measured as consumer surplus (CS) or willingness to pay (WTP) obtained from each individual study.
The explanatory variables include factors which may have an influence on outcome variables (i.e. dependent variable). The MRA is more attractive than other approaches since it is possible to extract the apparent influences of particular factor such as the estimation methods applied, the study design, and data characteristics on the research outcomes. In addition, the MRA is able to statistically identify differences in individual study results due to the differences in summarized statistics. As discussed by Shrestha and Loomis [10] Assuming variation shared by observations in the same study to reflect their structural differences, the FEM includes dummy variables for each individual study. By doing so, however, the FEM is deprived of the degrees of freedom in accordance with a number of individual studies. On the other hand, individual studies in the REM are regarded to be randomly sampled from a mother distribution of observations [15] . That is, it can be assumed that variation between observations in the same study could be a stochastic variable in the REM. The REM is composed of two error terms-one related to individual observations and the other related to specific studies. Compared to FEM, REM would not cause problems such as loss in the degrees of freedom.
Model specification
The selection of the appropriate model between FEM and REM can be performed based on a Hausman test where the null hypothesis is that the preferred model is REM which is based on generalized least squares estimation and the alternative one is FEM which is estimated by ordinary least squares (OLS). The test results indicate that the null hypothesis cannot be rejected implying the REM is preferred to FEM ( (5) = 5.75, p-value = 0.332)).
Given the selection of REM, we then conducted Breusch and Pagan Lagrangian Multiplier (LM) test for the presence of random effects (i.e., the presence of variation between observations in the same study). The null hypothesis of this LM test is that variances across individual studies are zero while they are not in the alternative hypothesis. If the null hypothesis is rejected, the REM is statistically better than a classical OLS regression model.
As a result of LM test, the null hypothesis is not rejected supporting no presence of random effects ( (1) = 0.80, p-value = 0.186)). Based on these statistical tests for the panel data structure, we estimated the following meta-regression model.
where is the log transformation of willingness to pay from the study i (in this case, willingness to pay per month per household), is a vector of independent variables including characteristics of study i and socio-economic variables. × represents interaction variables between j (j=han, geum, and nakdong) where j is a dummy variable for each river basin and improve which donates the level of water quality improvement. is constant and are the vector of parameters to be estimated. × are the parameters to be estimated capturing the impact of water quality improvement differentiated by each river on the dependent variable. represents an error related to individual observations with mean zero and variance .
Based on the parameter specified in Equation (1), the economic impact for a marginal change (i.e. marginal wiliness to pay, MWTP) associated with increase in water quality can be derived as follows.
where in Equation (2) original WTP values and verified whether these two values are statistically the same using paired t-tests. The null and alternative hypothesis for this test is specified as follows.
where in Equation (3) is the predicted WTP values from meta-regression model for i observation and is the original WTP values from the original studies.
Whether to accept or not will be determined by the statistical significance of a paired t-test. The null hypothesis will be accepted if a paired t-test is statistically significant implying two WTP values appear to be convergent, which demonstrates the credibility of our meta-regression model for other applications. The testable hypotheses used in this study can be re-expressed in Equation (4)
where is the mean of the difference between and .
The t-statistic used for hypothesis testing in Equation (4) is calculated as follows.
where in Equation (5) Equation (4) is not rejected (i.e., t-value is statistically insignificant).
Second, we also conducted correlation analysis to test the statistical significance of the relationship between predicted WTP values and original WTP values, which can be regarded as another way to assess their statistical similarity [10] . The correlation coefficient analysis we employed is based on Pearson's correlation coefficient which provides the relationship in terms of direction and degree of correlation between these two values. For this analysis, the following hypothesis testing is formulated. Table 1 most of the studies used in the meta-regression analysis designed the hypothetical scenarios associated with the change in water quality.
We also provide in Table A1 the quantitative information for each study such as study area, valuation technique employed, the level of WQ improvement, baseline WQ grade, economic values evaluated and so on. Of thirty studies, seventeen studies evaluated the WTPs for change in water quality related to Han River basin while the rest (thirteen studies)
were associated with Geum or Nakdong River basin (see Table A1 ). Note that no studies associated with the case of Yeongsan-Seomjin River basin have been found. A majority of studies measured the economic impact for 1 or 2 levels of WQ grade improvement starting with Grade 3. The number of WTP estimates per study ranged from 1 to 9.
The database in these previous studies included the information such as study area, methodology used, survey mode applied, baseline WQ grade (status quo), sample size collected, and the mean of respondents' characteristics. Table 2 4. Results Table 3 shows the results of optimized meta-regression model presented in Equation (1).
Meta-Regression Results
As explained earlier, we only include the explanatory variables which are important factors The coefficients on the variables, medinc and highinc can be interpreted in a similar way that is applied to baseline WQ case. The magnitude of the medinc coefficient, however, is bigger than that of highinc coefficient implying middle income households have higher WTP values than high income households, which is not of expected result. This deserves some discussion in more detail. This result probably arises from the fact that high income households are less sensitive to the change in water quality conditions than middle income households. For example, if the water quality is improved, middle income households can reduce the costs to purify the water for drinking as well as moving costs to enjoy recreational activities in other areas. On the other hand, the high income households can be less affected by the change in water quality conditions since they are relatively more affordable to find substitutes than middle income households [2] . No. of study 30 *** significant at 1 %; ** significant at 5%.
Turing to the variables of main interest, the coefficients on the han × improve, geum×improve, and nakdong×improve represent the impact of increase in WQ grade in each river on WTP values. These variables are all positive and highly significant, indicating WTP values increase as WQ grade increases. Note that the magnitude of nakdong×improve coefficient is relatively larger than that of han×improve and geum×improve. This is probably due to historical water pollution incidents in Nakdong River where phenol was leaked into the river twice by Doosan Electronics in 1991.
Validity tests of meta-regression model
Based on meta-regression results presented in Table 3 we calculated the predicted WTP values using the parameters only statistically significant and compared these predicted values were to the original values to evaluate the credibility of the meta-regression model.
The mean values of the predicted WTP and original WTP are presented in the first row in Table 4 . As shown, two values are quite similar and the mean percentage difference between two values is only 0.731 (2 nd row in Table 4 ). This implies a relatively small error of our prediction. Furthermore, the insignificant t-statistics of the paired t-test in the third row in Based on both paired t-test and correlation analysis, we are fairly confident that our meta-regression model is credible for benefit assessments. 
Policy evaluation: benefit-cost analysis
Given the positive and significant coefficients associated with water quality improvement, it is straightforward to calculate the MWTP (benefits) for each river basin using Equation (2) . Table 5 shows the result of benefits estimated from the use of water resource in each river basin.
As shown in Table 5 , the mean and median MWTP are calculated to be different for each river because of different sample values and different magnitude of coefficients associated with water quality improvement. In other words, even though each river is the primary water resource that generates many beneficial services to its own stakeholders, the benefits provided by each river could be different depending on the water quality conditions in each river. For example, the mean and median WTP are calculated to be about KRW 4738 (about US $4.7) and KRW 4433 (about US $4.4) per household per month in Han River case, respectively, which is highest among three rivers. For the Geum River case, the mean and median WTP are extrapolated to be smaller than Nakdong River case, which is probably due to relatively small coefficients on geum×improve variable despite higher sample values in the dataset. Given the median WTP in Table 5 , we calculated the annual MWTP and total benefits for each river applying total number of households who paid water use charges in 2015 in each river basin. The results are presented in Table 6 . The total benefits provided by Han, Nakdong, and Geum River are estimated to be about KRW 490 billion, KRW 173 billion, and KRW 50 billion per year, respectively. The grand total of benefits provided by three rivers came to be about KRW 713 billion per year. We then compared these benefits to the RMFs (costs) that each river basin invested in the projects to manage water quality conditions such as environmental treatment infrastructure projects, water quality improvement projects, land purchase and riparian zone projects, and the total pollutant management projects in 2015. The comparison of benefits to costs shows that there are relatively large differences in terms of benefit-cost ratio between rivers (i.e., last column of table 6). For Han River case, the benefit-cost ratio indicates that benefits are enough to offset the costs spent in water quality improvement projects. Therefore, it seems that the Han River has been making an efficient investment since they are more than recovering their investments. In terms of Nakdong and Geum River case, however, the benefits are not large enough to offset the costs used in water management. Thus, in this empirical case one could judge that two rivers may not be making a reasonable investment, which raises issues associated with the operational inefficiencies of RMFs.
Based on the comparison of benefits and costs, we provide a few policy implications that can be useful to improve the efficiency of water resource management. Firstly, since the stakeholders belonging to each river gained different benefits, it would be reasonable to differentiate the amounts of water use charges in each river. Currently, the same amounts of water use charges in the three river basins are imposed on the water users. However, it would be more rational to levy more (less) costs on the water users who received more (less)
benefits from the use of water resources [2] . Secondly, the RMFs should be operated more efficiently. Since the implementation of the RMFs, the majority of the funds have been invested in resident support projects and wastewater treatment infrastructure projects.
However, overinvestment in these projects has raised on-going debates between stakeholders and the National Assembly Research Service pointed out the operational inefficiency of RMFs in 2012. Recently, the main sources of water pollution in the rivers are attributed from the non-point sources, particularly from the agriculture and livestock farming in the upstream of the river basin. Therefore, the RMFs should be invested in the water quality projects that can better leverage funds to reduce non-point source pollutions in the upstream of the river basin, which can result in improving overall water quality. For instance, if the priority of RMFs investment is given to the purchase of agricultural lands in the upstream areas, overall water quality objectives can be achieved at lower costs [24] .
Thirdly, since water conditions in each river basin are unique, the operation of the RMFs should be tailored for each river. Each river basin has a different pollution source, which implies investment decisions of RMFs should be based on the natural properties of the river as well as the nature of the pollution affecting it in each river. Finally, a collaborative governance approach would be merit to consider for the effective water management. A collective management approach with stakeholder engagement in setting regulations at the local level can create buy-in, increase trust in government processes, and ultimately find effective solutions to achieve desired water quality outcomes. Stakeholder engagement through inclusive basin water governance is increasingly recognized as critical to secure support for reforms, raise awareness about water risks and costs, increase users' willingness to pay, and to handle conflicts [25] .
Conclusions
Applying the logic of benefit transfer approaches, this study aimed to evaluate the economic efficiency of water resource management in South Korea based on benefit-cost comparison and to provide a valuable guideline that can help maintain the sustainability of water resources.
With the total of 72 observations from 30 studies obtained from the EVIS provided by KEI, we specified a meta-regression model which allows for estimating different benefits provided by each river. We tested the credibility of our meta-regression model. Based on statistical tests, we found that our model is suitable for benefit assessments. Using the coefficients associated with water quality improvement, we computed the marginal benefits (MWTP) for the each river basin. We then compared total benefits to the total costs which are used to manage water quality conditions in each river to assess how well water management is maintained in economic aspects.
Based on the benefit-cost analysis, this study recommended a few policy options including the equity of imposing water use charges, operational efficiency of RMFs, and stakeholder engagement for inclusive water governance that can be useful to maintain the sustainability of water resource management in the long-run.
To conclude, this study would be updated in the future to improve the reliability of meta-regression analysis when more databases associated with water resource management in Korea are constructed. Moreover, a further research which can address on-going debates between stakeholders regarding the suitability of amount of water use charges should be carried out.
